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Recent Work on Gravitational Waves From a Generic Standard 
Model-like Effective Higgs Potential 

John Kehayias a * 

a Physics Department, University of California Santa Cruz, 
Santa Cruz, CA, US 

I present recent work on gravitational waves (GWs) from a generic Standard Model-like effective potential for 
the electroweak phase transition. We derive a semi-analytic expression for the approximate tunneling temperature, 
and analytic and approximate expressions for the two GW parameters a and (5. A quick summary of our analysis 
and general results, as well as a list of some specific models which easily fit into this framework, are presented. 
The work presented here has been done in collaboration with Stefano Profumo [T|. 
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1. Introduction 

As the temperature is lowered in the finite 
temperature quantum field theory description of 
the electroweak Higgs sector (for a review, see 
e.g. [5]), it is possible to have a first order phase 
transition through quantum mechanical tunnel- 
ing. A degenerate vacuum state develops at T c , 
and what began as the true vacuum of the the- 
ory can become unstable at a lower temperature 
Tdest- A potential barrier separates this state 
from the true vacuum, and tunneling to the lower 
energy state is probable at a temperature T t , 
where T dest <T t <T C . 

Gravitational waves (GWs) can arise from a 
strongly first-order phase transition through both 
turbulence and bubble nucleation. Here, a bub- 
ble is an area of the universe which has transi- 
tioned to the true, electroweak symmetry break- 
ing, vacuum. Some fraction of the energy released 
in these processes gives rise to a stochastic back- 
ground of gravitational waves. 

It has been known for some time that the elec- 
troweak phase transition in the minimal version of 
the Standard Model (SM) is not strongly first or- 
der, given the experimental bounds on the Higgs 
mass. However, many models of physics beyond 
the SM, including supersymmetry, can enhance 
the phase transition and produce a GW spectrum 



which might be experimentally observed in the 
near future. While many models have been stud- 
ied extensively, there has not been much work 
done on a general, model-independent analysis. 

In this note I will very briefly summarize work 
soon to be submitted on studying generic effec- 
tive potentials for the electroweak phase transi- 
tion. The potential is very similar in form to the 
SM Higgs potential, and the general results are 
applicable to several models beyond the SM. 

2. Analysis of a Generic Effective Higgs 
Potential 

We consider a potential for the Higgs which 
mirrors that of the (finite temperature, one loop, 
high temperature expansion) SM case of the fol- 
lowing form: 
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In the SMe = 0. 

A semi-analytic expression for the three dimen- 
sional Euclidean action, which is the important 
quantity for finite temperature tunneling, was 
found in [3]. The tunneling temperature, T t , is 
defined as the temperature when the probability 
to nucleate a bubble in a horizon volume is 0(1), 
a condition that is well approximated by 
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where we have assumed the temperature scale is 
O(lOOGeV) (see, e.g. g]). Using the results of [3J, 
we can thus derive an approximation for T t . 

At T c for our potential the expression for Se3 
from ;3j has a singularity. It also decreases very 
rapidly as the temperature is lowered, to at To. 
This implies that Tt will be very close to T c , and 
so we expand in powers of e: T — > T c — e. The fi- 
nal lowest order expression for Sez/T has all the 
parameters of the potential and is proportional to 
1/e 2 . The singularity as e — > remains, and e is 
solved for by setting Sez/T = 140. Our approxi- 
mation for the tunneling temperature is then 

T t ~T c ~ e, (3) 

with eCl. 

From our potential it is possible to calculate 
the exact GW parameters, a and p. a character- 
izes the energy change of the vacuum transition, 
while [3 characterizes the bubble nucleation rate 
per unit volume. These are evaluated at T t , which 
we now have an approximation for, but they are 
rather lengthy expressions. However, from our 
approximation for Sez/T, a simple expression for 
(3 is obtained, which, to lowest order, is propor- 
tional to (T c - e)/e 3 . 



up to two orders of magnitude larger and smaller 
than the SM value. In plotting the a — (3 plane we 
describe how the various terms in the potential 
affect the GW spectrum parameters. This cov- 
ers as much as 12 orders of magnitude for both 
a and j3. The most remarkable enhancement for 
a, which would greatly contribute to observing a 
signal with future experiments, comes at e < 0. 

Several models can provide changes to the pa- 
rameters in the potential from their SM values. 
There has been much work (e.g. [5l6j ) on adding 
non-renormalizable terms to the SM or MSSM 
which can enhance E, adding to the strength of 
the phase transition. The addition of an SU(2)l 
triplet (see, e.g. [7]) provides a contribution to A. 
Since we find that the additional parameter e can 
greatly enhance a, models which add this term to 
the effective potential are particularly interesting. 
One such model is the addition of a gauge singlet, 
arising as a solution to the /x problem in super- 
symmetry, for instance. The phenomenology of 
this model has been studied extensively (e.g. [8]), 
and it has been shown that it is possible to find 
evidence of such an additional singlet at the LHC, 
allowing us to draw an interesting connection be- 
tween collider and GW physics. 



3. The Parameter Space and Models 
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